Introduction
Despite artisanal pastry production was found to have the second highest rate for carpal tunnel syndrome (Harris, 2011) ,it has not been largely investigated in the scientific literature.In this study we compared custard and almond confectionery production using canvas piping bags. The aim of the study is to assess biomechanical risks in artisanal production of traditional Italian confectionery, using kinematic and electromyographic techniques.
Material and methods
Five male workers with more than 5 years of working experience were enrolled in the study.
An optoelectronic motion analysis system (SMART-DX6000, BTS, Milan, Italy) (Ferrigno, 1985) , consisting of eight infra-red ray cameras (operating at 340 Hz), was used. Spherical markers, covered with aluminum powder reflecting material, were placed over prominent bony landmarks using simplified versions of the Rab model (Rab, 2002) . Eleven markers were placed as follows: one on the external occipital protuberance, one on the cutaneous projections of the spinous processes of the 7 th cervical vertebra, and one over the sacrum, while the remaining were placed bilaterally over the Acromion, the Oleocranon, the Ulnae and the radio bones Styloideus processes.
Electrical muscle activity was recorded using a 16 channel Wi-Fi surface electromyography system (FreeEMG, BTS SpA, Milan, Italy) at a sampling frequency of 1 kHz.
After the skin preparation, surface electromyographic signals were detected from each muscle by two Ag/AgCl pre-gelled disposable surface electrodes (H124SG, Kendall ARBO, Donau, Germany) which had a detection surface of 10 mm (gelled). Electrodes were placed in the direction of the muscle fibers, according to the Atlas of muscle innervation zones (Barbero, 2012) . We investigated the following muscles on the right side of the body: Deltoideus Anterior (DA), long head of the Triceps Brachii (TRIC), short head of the Biceps Brachii (BB), Brachioradialis (BRAC), Flexor Carpi Radialis (FLEX) and Interosseus (IO). In order to elicit the maximal voluntary isometric contraction (MVCi) from each muscle, six isometric exertions were performed, according to the SENIAM reccomendetions (Hermes, 2000) .
Kinematic data and sEMG signalswere synchronized. A parametric paired t-test was used to detect any significant difference. P-values of less than 0.05 were considered statistically significant.
Results
Parametric paired t-test analysis showed statistically significant differences for neck, trunk and left elbow postures comparing custard and almond pastries production using canvas piping bags. Figure 1a shows mean values and SD of neck, trunk and elbow postures. Differences in right elbow data resulted not significant.
Parametric paired t-test of sEMG activity data shows statistically significant differences in DA, BIC, BRACH, Flex and IO muscles. TRIC muscles data showed not significant differences. DA, BIC, BRACH, FLEX and IO muscles showed higher sEMG activities while producing almond pastry compared to custard pastry (Figure 1b) .
We also found statistically significant differences in cycle time duration (Figures 1c) . 
Discussion
Comparison between almond and custard pastry production using canvas piping bags, showed statistically significant differences in all of the investigated muscles apart of TRIC muscles. Postural analysis also highlighted statistically significant differences: almond pastry production showed higher flexion angles for neck, trunk and left elbow. Furthermore cycle time duration was also significantly longer in almond pastry production than in custard one.
In conclusion, direct observation in the field and a more detailed laboratory analysis can give useful indications for work organization and the equipments to be used in artisanal production of typical pastry. Based on this data, it was suggested to optimize the placing of breaks in order to obtain an adequate ratio between repetitive work and recovery time.
